Abstract In this paper, I discuss Gordon Tullock's views on Experimentation in Economics, his own research experiment, and his influence on the field of experimental public choice. I argue that Tullock can credibly claim to have been an early supporter of the method and that his work is cited more often than that of other public choice scholars active in the same period. His work on rent seeking forms the basis of an extensive experimental literature and studies on trust, demand revelation and voter turnout have been strongly influenced by Tullock's work.
Introduction
Gordon Tullock has been recognized as having had an important influence in the development of economics in general and of experimental public choice in particular (Houser and Stratmann 2012) . His influence on research in this field can This paper was prepared for the Tullock Memorial Conference at George Mason University, Oct 2-3, 2015. easily be deduced from the grand number of studies that build on his work. This note, therefore, provides a brief overview of the subfields in experimental public choice that build on Tullock's work.
Of course, the fact that experimental research is grounded in Tullock's contributions is neither a necessary nor a sufficient condition to conclude that he embraced experimentation as a fruitful research method for economics. For this, one needs to go back and search his work for views on this matter. In this note, I also discuss the results of such a search. Hence, the aim of this note is to discuss both, Tullock's views and his influence on experimental public choice. 1 For decades, Tullock yearly attended the meetings of the European Public Choice Society. I have known him since I started attending these meetings in 1985. In the early 1990s, papers using data from laboratory experiments started to appear at these meetings and since then I have had the pleasure of entertaining many lively discussions with Tullock about the experimental method. He has often expressed support for using experiments to study questions in public choice and was keen on emphasizing that he had been one of the early proponents of the method. On various occasions, Tullock would make statements like ''Arthur, you're doing the right thing. I've always said that experiments are very suited to study economic phenomena. I was saying so even before Vernon Smith became famous''. One of the things I will show in this note is that such statements are verifiably true.
To do so, the next section presents a selection of quotes from Tullock's extensive body of work that relate to his opinion on experiments in economics. Subsequently, I will address the question of whether experimental economists refer to Tullock's work. For this purpose, Sect. 3 provides some simple statistics. Section 4 discusses an experiment that Tullock himself organized and Sect. 5 provides a brief overview of literatures in experimental public choice that build on Tullock's work. Finally, I quote in Sect. 6 a few experimental papers that explicitly support or reject ideas developed by Tullock.
What did Tullock say about experiments?
To provide an overview of what Tullock has said over the years about experiments in economics, it is useful to move backward in time.
2 However Tullock's views on experiments had developed over the decades, they cumulated in him designing and running an experiment, which he published in Tullock (1999) . This experiment will be discussed in Sect. 3.
Fifteen years prior to this work, Tullock had already embarked on an experimental project. In Tideman and Tullock (1976) , he and his co-author had 1 Throughout this note, I will use the term ''experiment'' as it is commonly understood in the economics literature. This refers to data collection in a controlled (laboratory or field) environment that is structured in a way that allows one to derive causal relations between the variables of interest. A typical experiment in economics induces values to outcomes (and pays participants accordingly) to create a true (micro-)economic environment (Smith 1976) . 2 Note that Vernon Smith published a first experimental paper in 1962, but that the method did not really catch on until the 1970s. presented a new method for collecting funds for public goods that made revelation by consumers of their true valuation of the good a dominant strategy (thus avoiding the free-riding problem). This publication sparked vivid discussions, culminating in a special issue of Public Choice in 1977, dedicated to the topic. Tullock quickly saw that experiments provided a way to let data speak to these discussions. Though he and Tideman embarked on the project together, Tullock in the end was not involved in its completion. Yet, Tideman (1983) emphasizes:
''This research grew out of Gordon Tullock's suggestion that experiments with the demand-revealing process were needed' ' (p. 387) In the same period, in 1979, the first of a series of yearly edited volumes called Research in Experimental Economics appeared, edited by Vernon Smith (Smith 1979) . Tullock (1980a) presents a very positive review of this volume. He writes:
''I have been biased in favor of experimental work in economics and other social sciences, since I first advocated them in the Organization of Inquiry. It seems to me that this is a research tool which we have tended to ignore, and which should have received a good deal more resources than it has.'' (p. 253) Tullock's claim to have advocated experiments as early as 1966 (which is when the Organization of Inquiry appeared) is substantiated by a closer look. In this book, Tullock draws analogies between research in the sciences and the social sciences. In doing so, he naturally arrives at the conclusion:
''There are numerous areas [in economics] where experiments could be run with the full knowledge of the subjects and where considerable knowledge could be obtained.' ' (p. 139) In his elaboration of this issue, Tullock arrives at a description of the interaction between experimentation and theory that was remarkably insightful for the time and predicted various future developments in the field of experimental economics. Consider, for example, Tullock's argument:
''Experiments, necessarily, are set up in terms of hypotheses, theories, and Weltanschauungen. If these initial intellectual presuppositions of the experiments are in a primitive condition as they were in the natural sciences several 100 years ago, then the initial experiments are likely to simply indicate difficulties in the theories being tested, but not to lead to any solution of these difficulties.' ' (p. 139) This nicely describes the role early experiments played in analyzing game theoretic predictions based on rational self-interested players. For example, the highly cited paper 3 by Güth et al. (1982) provided strong evidence of the problems with this standard theory but was not very insightful as to how to resolve these problems.
The Organization of Inquiry goes on to argue:
''As time goes by, however, new theories which explain various experimental results will be developed; these in turn will be tested by experimentation. This will lead to the invention of new theories, and the eventual outcome, we can legitimately hope, will be a much clearer perception of the social reality.' ' (p. 139) Again, this is predictive of the development of the literature. For example, in response to the results of Güth et al., new theories of social preferences were developed (e.g. Fehr and Schmidt 1999; Bolton and Ockenfels 2000) that aimed to better predict such outcomes. These were subsequently subjected to experimental testing (e.g., Charness and Rabin 2002; Engelmann and Strobel 2004) , which led to renewed theories, etc. This booming literature is an example of precisely the kind of process that Tullock described in 1966 in the quotes above.
In the same book, Tullock also showed a keen understanding of the experimental methodology. In fact, he argues for methods that since have become standard in the literature. First, in line with the above analysis of the interaction between theory and experiments, Tullock recognized the important role that experiments can have as tests of economic theories:
''We prefer to depend on theories which are subject to deduction and experimental testing rather than on those which are ''verified'' solely by our perception of a pattern.'' (p. 100) A rough estimate shows that over 50 % of the experiments published in economics test theories (Schram 2005) .
Second, in experimental economics, repetition (and replication) is often argued to be one of its main advantages. Tullock foresaw this merit of the method:
''… [a general result requires that] an experiment has been repeated several times, and a given result has been obtained.'' (p. 92) ''The difference between observation and experiment turns on whether the investigator does or does not have control of the repetition of the reported events.'' (p. 123) ''These problems fortunately do not arise in the case of experiments, which can normally be repeated at will.' ' (p. 123) Third, in experimental economics, decision-based compensation is seen as a prerequisite for creating an environment that is informative for the discipline (cf. fn 1). In chapter VII of the Organization of Inquiry Tullock does argue in favor of financial compensation of participants in an experiment, but is only thinking of a flat hourly fee. This is one example where he did not foresee how a major methodological issue would develop. 4 He did, however, foresee a second major norm. In experimental economics, deception of subjects is fundamentally banned (in fact, no journal in economics would publish a paper in which participants are incorrectly informed). The reason is given in a textbook by Davis and Holt (1993) :
''Most economists are very concerned about developing and maintaining a reputation among the student population for honesty in order to ensure that subject actions are motivated by the induced monetary rewards rather than by psychological reactions to suspected manipulation. Subjects may suspect deception if it is present.'' (p. 23) A very similar argument was given by Tullock, 27 years earlier:
''[In psychology experiments] the explanation given the subject is frequently simply a ''cover'' designed to conceal the real experiment from him. Unfortunately, this fact is getting around; experimental subjects may develop a considerable degree of sophistication which will make them systematically distrust the psychological experimenter.' ' (p. 92) All in all, Tullock's verbal claim to be an early supporter of the field of experimental economics is corroborated by statements he made in early publications, most notably in the Organization of Inquiry (1966) . Remarkably, he foresaw many of the discussions on experimental methodology that would follow in subsequent decades.
Do experimentalists use Tullock's work?
Given his early interest in experiments, a next question is whether experimentalists are interested in Tullock. A crude measure for this is the number of times Tullock's work is cited in experimental papers. First, I consider in Fig. 1 the number of papers in the leading field journal Experimental Economics 5 that cite Tullock and compare this to citations to a set of other leading scholars of Public Choice. 6 Figure 1 shows that these public choice scholars are rarely cited in Experimental Economics (in total, \6 % of the papers ever published there cite any of these authors). Of those cited, Tullock is second only to Kenneth Arrow in the number of times his work is cited.
7 Of the seven citations, four were to the so-called Tullock (rent-seeking) contests to be discussed below.
For a more general (and even more crude) overview, Fig. 2 shows the number of hits in Google Scholar when searching for the author's name in combination with the term ''laboratory experiment''. Once again, Tullock is amongst the most cited public choice scholars.
All in all, it appears that experimental economists rarely cite public choice scholars, but when they do Tullock is amongst the most cited.
5 Experimental Economics published its first issue in 1998. The numbers underlying Fig. 1 were measured in September 2015, over a total of 486 papers in 64 issues of the journal. 6 The choice of ''leading scholars'' is admittedly arbitrary. The author made a first selection and adjusted this following comments at the Tullock Memorial Conference at GMU in October 2015. 7 It should be noted that the large majority of citations to Kenneth Arrow in the experimental literature refers to the Arrow-Pratt measure of risk aversion, which is not really public choice.
Has Tullock done experiments?
Given his early interest in experiments, it comes as no surprise that Tullock eventually designed and ran an experiment, which was published in Tullock (1999) . In this experiment, subjects participate in prisoners' dilemmas (PD). This was a 'risky' endeavor because experiments on social dilemmas like the PD were already very common by that time, and much was already known about how efficient cooperation is affected by a variety of variables. It would seem hard at the time to come up with a novel insight. A much cited literature review by John Ledyard (1995) explicitly lists factors that have been shown to positively or negatively affect efficient cooperation.
Tullock was unsatisfied with this literature, in particular because he felt that the external validity of most of the games studied in these experiments was very low. In his view, the 'real world' was very different than the laboratory world typically used. In his words, most interactions outside of the laboratory ''do not involve prisoners''. In particular, Tullock (1999) lists three problems with the standard design: In the laboratory environment, (1) participants are chosen by the experimenter, while in the world outside of the laboratory, people choose their own partners to interact with; (2) communication is usually not allowed, while communication is a crucial part of human interaction in the 'real world'; (3) pairs of participants are typically fixed whereas outside of the laboratory, people can leave partners for others if they are unsatisfied with the way things are going.
In such 'traditional' experiments substantial levels of (efficient) cooperation is typically observed in early rounds, but free-riding increases with repetition.
To address these problems, Tullock designed an experiment that deviated in three important ways from much of the prior literature. His experiment involved a group of players in a room that could form pairs, while three or four remained unpaired on the sideline. Pairs could communicate and individually decide on their strategies in a PD. This was repeated ten times. If anyone was unsatisfied with the course of events in their pair, they were free to break up and pair up with one of the sidelined participants. The results were certainly noteworthy. Of the ten pairs in this experiment, seven cooperated throughout the ten rounds. In aggregate more than 97 % of the decisions were to cooperate.
This cooperation level is remarkable and serves to make the main point of the paper. It must be said, however, that on some dimensions, the experiment falls short of the state of the art in the late 1990s. First, the paper neglects some important papers that had already appeared. For example, the strong effect of communication on cooperation had already been documented in Ledyard's 1995 review. Also, the effect of endogenous partner choice had already been observed in various papers, including Orbell and Dawes (1993) and Hayashi and Yamagishi (1998) . Second, the paper does not fulfill the standards set in the experimental economics literature at the time. In particular:
• it fails to develop a benchmark of the 'standard environment', to which Tullock's environment can be compared; • compared to the standard case, there are multiple changes (partner choice, communication, and the possibility of re-pairing); • Tullock combined data collected at two different locations (Tucson, Arizona and Arlington, Virginia) without testing for subject pool effects; • the number of observations (10 pairs) is very low.
I strongly suspect, however, that the only goal of the paper was to make a point about the validity of the standard experiments. In that respect, it achieves what it set out to do.
What experimental fields build on Tullock's work?
There are various research areas that could be captured under the umbrella of 'experimental public choice' (Schram 2003) . These include studies on the voluntary provision of public goods (including work on the tragedy of the commons); rent-seeking contests; trust; demand revelation; and voting (e.g. the turnout paradox and spatial voting). One could argue that Tullock has influenced each of these area's, but his impact was perhaps least for the public goods literature. For the other areas, I briefly provide an overview of Tullock's influence. 
Rent seeking
Rent seeking is an area where Tullock's (1967a) work founded a complete experimental field. Rent seeking refers to the situation where welfare losses occur because resources are (unproductively) used in an attempt to obtain governmentcontrolled rents. Tullock (1980b Tullock ( , 1998 shows how, in equilibrium, a situation can occur where the aggregate sum allocated by players exceeds the value of the rent. This so-called over-dissipation and the circumstances under which it can occur has been the topic of many experiments. Tullock's influence on this experimental rentseeking literature (which extends to studies on all-pay auctions and raffles) is wonderfully described in Houser and Stratmann (2012) . In their words:
''Tullock's hypothesis regarding rent-seeking was seminal to a literature of experiments.' ' (p. 212) Experimental studies mostly provide support for the Nash (i.e., Tullock) prediction of over-dissipation, when the model predicts so. Moreover, as predicted by the theory, such over-dissipation decreases with the level of players' risk aversion. 
Trust
There is an extensive experimental literature on trust and its role in economic interactions (for seminal examples, see Fehr et al. 1993 or Berg et al. 1995 . However, few experimentalists realize Tullock's (1967b) early and important contribution to the study of trust. In this short note, Tullock argues that a PD only involves trust, if it is played sequentially. This is another paper discussed extensively by Houser and Stratmann (2012) . In their words:
''Tullock's early realization was exceptionally forward-looking and foreshadowed the flourishing of trust game research in experimental economics that would only begin to appear more than two decades later.'' (p. 212) Indeed, the importance of trust is now well recognized, and the fact that Tullock noted this as early as 1967 is remarkable at the least. For more details, see Houser and Stratmann (2012) .
Demand revelation
In 1976, Tullock and Nick Tideman published a theoretical paper in the Journal of Political Economy in which they describe a mechanism that uses Clarke taxes to create a dominant strategy of demand revelation for a public good (Tideman and Tullock 1976) . This publication led to a lively academic discussion that culminated in a special issue of Public Choice (1977) -initiated by Tullock himself-dedicated to the mechanism. More details about this mechanism -which they dubbed the 'demand revealing process'-and the subsequent debate are given in Tideman's contribution to this issue.
As mentioned before, Tideman (1983) presents the results of a field experiment that started as a joint project with Tullock and intended to test the theoretical properties of the mechanism. He invited a set of college fraternities to apply the mechanism in making decisions about their fraternity. The paper reports support for the mechanism. The design allows for compensation for participation. It does not, however, induce values for the outcome of the decision making process. As a consequence, this experiment does not allow for a test of whether the demand revealing process leads to truthful revelation of preferences for the public good.
An experiment by Attiyeh et al. (2000) does allow for such a test. In this experiment, values are induced and the data allow one to compare subjects' expressed demand to their known value for the good. The results provide no support for truthful revelation. Only a small minority of the subjects reports their true value, even though doing so is a dominant strategy. Only one theoretical prediction is supported by the outcome of this experiment. This is that the Clarke taxes paid ought to decrease with increased group size. The Attiyeh et al. experiment provides evidence that this is indeed the case.
Voter turnout
Tullock's contribution to the literature on voter turnout is an elaboration of Anthony Down's (1957) turnout paradox. In short, this paradox confronts the high levels of voter turnout at mass elections with the observation that for most voters the expected value of the vote will be lower than the costs of casting it (due to the extremely low probability that any individual vote will be decisive for the outcome). In his Towards a Mathematics of Politics (1967c) Tullock extends this basic theory and provides arguments why people may turn out after all.
Two elements stand out in this analysis. First, Tullock introduced game-theoretic arguments into the discussion by noting that the negative expected net benefits of a vote no longer hold if they make everybody abstain. If nobody else casts a vote, any single voter is decisive for the outcome and the paradox no longer holds. Tullock rightfully notes (p. 110) that one needs to determine the theoretically predicted turnout level by determining the strategic equilibrium amongst the voters. Such an equilibrium analysis did not appear in the literature until Palfrey and Rosenthal presented their analysis of the participation game in 1983. Second, Tullock stressed the important role that information and social pressures have in the turnout decision.
Both elements have been investigated. Such experiments typically apply the participation game in the laboratory (e.g., Schram 2006, 2010; Levine and Palfrey 2007) . By and large, experimental studies show that turnout is predicted quite well by a quantal response equilibrium (McKelvey and Palfrey 1995) . 10 The results also show that -as predicted by Tullock-information and social pressure are important determinants of the decision to cast a vote.
'Missing' experiments
There are at least three areas of Tullock's research that I would have expected to yield more experimental work. The first is on external effects and collective choice. In the Calculus of Consent, Buchanan and Tullock (1962) discuss the relationship between the existence of external effects and the extent of collective decision making. A question one can address experimentally is when and why subjects choose specific collective institutions to solve problems with external effects? There is an abundant literature showing that subjects in public goods games are willing to punish (at a cost to themselves) free riders in a public good environment (e.g., Fehr and Gächter 2000) . Though a recent paper (Markussen et al. 2014) analyzes the choice between formal sanction regimes and informal sanctioning, there is certainly room for much more experimental work in this area.
The same holds for Tullock's (1969 Tullock's ( , 1974 work on the economics of crime. Though some papers have appeared that utilize laboratory experiments to study 'criminal' activity (e.g. van Winden and Ash 2012), and in particular tax evasion (e.g., Gërxhani and Schram 2006) , the Tullock approach to studying criminal activity in terms of (expected) costs and benefits provides a framework that is very suited for further experimental analysis.
Finally, Tullock is well known for analysis of logrolling, i.e., vote trading in legislatures and its effect on government spending (Tullock 1959; Buchanan and Tullock 1962) . This is another environment that lends itself for experimental testing. Yet, though various experimental studies on strategic voting have appeared, I know of only two on vote trading: McKelvey and Ordeshook (1980) and a recent working paper by Casella and Palfrey (2015) .
Experimental results on Tullock's ideas
In search of explicit experimental validation or rejection of Tullock's ideas, I have found only three experimental papers that explicitly relate their results to theoretical views put forward by Tullock. First, in the previously mentioned study by Markussen et al. (2014) on formal and informal sanctioning, the authors observe that their result that participants often prefer not to install formal sanctioning coincides with Buchanan and Tullock's views: ''To be sure, Buchanan and Tullock wrote half a century ago that'The existence of external effects of private behavior is neither a necessary nor a sufficient condition for an activity to be placed in the realm of collective choice ' (1962, p. 57) . '' (p. 303) Note, however, that these authors argue that the reason for their results lies in social preferences; a view that seems hard to reconcile with Buchanan and Tollock's ideas.
Second, as mentioned above, Atitiyeh et al. (2000) found in their laboratory analysis of the demand revelation process that:
''… Tideman and Tullock's argument that, simply from the rules of the pivot mechanism, the Clarke taxes ought to fall, per capita, was supported in our experiments.'' Recall, however, that the authors found very little evidence of truthful demand revelation in their data.
Third, Potters et al. (1998) conclude from their rent-seeking experiments:
''We find substantial evidence for the predictive power of the [Tullock] rentseeking model, particularly if one allows for the fact that people sometimes make mistakes or are confused about what to do.' ' (p. 783) This support for the model has been replicated in many experiments on rent seeking.
Concluding discussion
All of the contributions to this special issue provide evidence of the incredible width and creativity of Gordon Tullock's scholarship. His work has influenced a large variety of research programs within economics, political science, biology and law. In this note, I have tried to show his influence in the field of experimental economics.
In particular, I have tried to show that Tullock was one of the early supporters of using experimental methods to address research questions in economics. In the end, his interest in the method led to the publication of one paper where he used an experiment to make a point. His influence on the field is much more substantial than this, however.
Tullock's work has inspired experimental studies of rent seeking, trust, the demand-revelation process and voter turnout. His exceptional scholarship provides scope for many more experiments that can build on his work.
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